The dual mode of inhibition of calmodulin-dependent nitric-oxide synthase by antifungal imidazole agents.
The antifungal imidazoles miconazole, ketoconazole, and clotrimazole inhibit citrulline formation by nitric-oxide synthase. These agents both increase the concentration of calmodulin required to activate the enzyme half-maximally and reduce the maximal velocity of citrulline formation. This inhibition was not reversed by increased concentrations of either the arginine substrate or (6R)-5,6,7,8-tetrahydro-L-biopterin. Miconazole, ketoconazole, and clotrimazole also inhibited the cytochrome-c reductase activity of nitric-oxide synthase competitively versus calmodulin concentration, with apparent Ki (IC50) values of 8, 20, and 0.8 microM, respectively. Miconazole, ketoconazole, and clotrimazole inhibited the activity of calmodulin-dependent cyclic nucleotide phosphodiesterase competitively versus calmodulin concentration, with apparent Ki values of 6, 18, and 25 microM, respectively. These observations are consistent with the proposal that the antifungal imidazoles inhibit citrulline formation by interaction with the nitric-oxide synthase at two sites. Interaction at site 1 reduces the responsiveness of the enzyme to activation by calmodulin, whereas interaction at site 2 (involving putative binding of the imidazole to the heme iron) reduces the maximal velocity of citrulline formation. The interactions of calmodulin antagonists at site 1 occur at substantially lower concentrations of drug than those at site 2 and are the principal determinant of enzyme inhibition.